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Effect of Lighting Conditions on the Conversion of Green Pigments

by
O, GsSudyna and K,P,Dovbish

Amoug the ————-=porphyrin pigments of higher planta green color is possessed by
chlorophyll, chlorephyllide, protochlorophyllide, protochicrophyll, They differ bet~
ween each other by the system of conjugated in circle double bonds in the forbine
part of the moleculeand by ths absence or presence of the phytol group. Frotochloro—
phyllide and protochlorophyll, in contrast to chlorophyll and chlorophyllide, have
@ double bond in tue IV -——~pyrrole group between 7 and 8 carbon atoms, Proto -
chlorophyllide and chlorophyllide have an acidous nature througi: the presence of &
free carbaxyl group of propionic acid group, which in case of protochlorophyll and
chlorophyll is esterified with phytol. Protochlorophyllide, chlorophyllide and proto-
chlorophyll have maximum ratios tc the final stage of chlorophyll biosynthesis,

In a previous work (Sudinm,1761) was discuased the modern state of feeding for the
direct predecesscr of chlorophyll and the necessary additional inveatigations vere
oonduoted on the final stage of chlorophyll biosynthesis for the purpose of finally
determining by what actual process all thia takea place. On the basis of thie we
made it our task to investigate the influence of illumination on the transformation
of green pigments. We investigated shoots of wheat,whioh were grown in Fetri vaaes
under various lighting conditions, The pigments were deaignated with the aid of sub~
sequent utilization of two methodss separation on paper by a previoualy deaoribed
by ue method (Sudin,1959) and by determining the absorption spectrum on an SFe}
spactrophotome ter, During chrommtographie distribution of chlorophyll and protoshlo-~
rophyll plguents the latter were applied with an eyedropper on paper suffiolently

high above the atarting spot. Chlorophyllide and protochlorophyllide remein at the
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points of application, Chlorophyllide and protochlorophyllide just like chlorophyll

and protochlorophyll, are easily distinguishable by the spectral properti;a. Sucoces—
'giye utilization of chrommtographic distribution of pigments and the determinatibn of
absorption spectza offer the possaibility of accurately distinguishing the graéh '{):{.g,-;
ments of the plants, In our experiments we have not utilized auy materials fixing
methodse, Under derk wariants extraction and application of pigmsnta on chronmtoe
graphic paper was carried out at faint green lighting, which, as has been established,
causes no restoration reactions of the IV pyrnole ring,

Investigation of pigments of etiolated wheat shoots reveamled, that a predominant
majority of areen pigments remains at the starting spot,

In place of protochlorophyll was noticed only a peroeptible spot (smudge), the color
of which could not been established, Given below are two illusirations « one from the
chromatogram of pigments of the inner shell of pumpkin seeds of ordinary = Cucurbita
papo L (I), which of the green pigments ————-— Bre contained only by protochlorophyll,
the second one ~ from the ehrometogram of pigments of etiolated shoots (II) (Fig.l),
The distribution of pigments on the chromatogram immediately brings to mind that the
«reen pigment of etiolated shoots does not have the phytol group,because upon it
depends the ability of porphyrin compourde to dismolvein patrolewn sther and to be
applied with an eyedropper on chrommtographic paper, Separation of this phytollesa
pigment from the spot with the aid of acetone and the determination of this absorp-
tion spectrum offer ths posaibility of considering this pigment as a protochlorophyle
1ide, which has no chlorophyllide sdmixtures, The abascrption speotrum of protochloro=
phyllide i=s identical with the absorption spectrum of protochlorophyll, and the
absorption spectrum of chlorophyllide is identical with the absorption spectrum of
chlorophyll, Beotween themselves those two paira of green pigments differ mainly by
the absorption maximum in the red zone of the spectrum; chlarophyllide and protow

chlarophyllide make maximum absorption of reys with & wave length of 625-627 mm,
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chlorophyllide and chlorophyll -~ 660«663 mm, In fige.2 is shown the curve for the abs&;?

tion schtrum of a pigment,eliuvated from the starting spot by chromatograms of pige

ments of etiolated wheat,

SEE PAGE 3a FOR PICTURE OF FIGURE 1.

FipgleFPhotos of Pigment Chromatograms
l-internal shells of pumpkin seeds, II-etiolated wheat (1 g); l-carotyn ,
2-xanthophyll; 3« protochlorophylljfj=starting spot with green phytolless
pophyric plgmenst,
T,M,Godnev, N,Kedkulovieh (1960) and NoK,Akulovich (1961) have also revealed
in etioclated kidney=bsans (Phaseclus vulgaris L) among the green pigments cloue to
85% of protochlorophyllide,

To exposure to light of eticlated planta leads to gradual conversion of pro-
toohlorophyllide into chlorophyll, These transformations are not realized in a single
act (£ige3)s The firat ten moments of illumination lead to a considerable reduction
in the amount of protochlorophyllide and accumalation of insignificant amount of
chlorophyllide,

Table 1 represents gradual aoccumulation of chlorophyll in etiolated wheat shoots
upon exposure to lighte In the investigations carried out by N.K.Akulovich (1961),
ten minutes light exposure in tho eticlated kidney-bean shoots, which luv+«n frozen
first, of the total sum of nawly formed pigments over 50% are chlorophyllides, Within

30 minutes the amount of chlorophyllide rises; only trases of protochlerophyllide rom
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Figure 1, Photos of Pigment Chromatograms (see page 3)
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maing the quantity of chlorophyll rises smmewhate On the whole the dynumica of the
quanjitatin relationship (ratio) of protochleorophyllide and chlorophyllide cannot
completely disrupt their transformation,because the amount of chlorophyll.:l.do_in the
plant depends not only upon the rate of its formmtion, but also upon the rate‘ of

its transformation into chlorophyll- just as the amount of protochlorophyllide dependa
to a greater extent upon the rate of its conversion into chlorophyllide, The most
important fact is that in light appears chlorophyllide which has not existed in dark=
nesa, and protochlqrophyllide is not accumulated in larger quantities in leaves upon

exposure to light, while in etiolated plants there is s largs amount of protochloro-

phyllide.
. During the first hour of light exposure
Q20} f ) the process of chlorophyll bliosynthesis in
a8t ahoots becomes gradually normalized and the
qisp conventional relationship between predecessors
ant of ohlar.phyll sets in. Protochlorophyllide
any in a plant transforms rapidly into chloroe
al phyllide and the latter  into ochlorophyll,
a0 Transformation of chlorophyllide into chloro-
qoy phyll is at a slower rate bccause in the greene
lm[ . ‘ ing etiolated shoots there 48 always a cer-
s tain amount of chlaorophyllide, For the next

G20 460 300 390 380 &0 680

Fige2,Absorption spectrum of pigments 30 minutes no considerable changes are obser-

eliovated from starting apot of chro-

m togram of etiolated wheat, ved in the spectral chart of the green pige

msnts, only a rise in the amount of chloro-
phyll is noticed, After 24 hours of light exposure in the plants is acocumulated a
considerable amount of ohlorophyllide , which, maybe, is co.nected with the changes

in rate of chlorophyll

formetions All this indfcated the dual mct of chloro-

paylil bicsynthesis in the etiolated shonts exposed to light: at first is restorea proto-
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chlorophylliide, which transforms into chlorophyllide, and then, as result of chloro=
phyllase reacticn of phytol addition, chlorophyllide transforms into chloiéplwii.

The reverse proceza by which ons could anticipate the obtaimment upon retardation
of a normal process of chlorophyll biosynthesis by the absencs of light . Etiolated
shoots grown in darkness were placed for two hours in a luminostat with luminescent day
light bulbs with a total light intensity of 3500 luxe During this time pericd, as
is evident from fig.l,I, the plants had a small ax=ount of chlorophyllide and an even
lesser amount of prosochlarophyllide. After exposing to light the plants were again
returned into a dark chamber, whers they were held for thres full diurnal periods
(72 nrs), During the first two hours of remaining in darknesa the shcots accumulated
considerable amounts of protochlorophylliide and they have shown a slight change in
the amount of chlorophyllide, This is well svident from fig.l,II, Such a transformation
of pigments indicates a considerable retardation in the reaction of protochlorophyle
1ide restoration, which promotes its acoumulation, but the reaction of restoration,
maybe, continues nevexrthelesa, but at a much lower rate, The latter assumptions are
confirmed by data perta.ning to the dynamica of chlorophyll amount, and by these

investigations (table 2),

Q05

0

——
———

Qo2

aor

Fig.3esAbsorption spectrum of pigmnts FigeleAbsorption spectra of pigments

-of starting spot from obromatograms of atarsing spos from chr sy
leetiolated wheatjII after 10 minutes lesticlated whaat after 2 hrg exposure!
exposure jJil=after 30 mingexposure; 11,11I,IV-eticiatec vami,whicn after 2 hras
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IV=after 60 min exposure; Veafter 90 min exposure remained in darkness for two hrs :

exposure (pigments with 146 g of raw (II), one day (III), three days (IV)
weight 3n 4,5 omJ acetona), (pigments with 1,6 g of raw weight in J.
om3 acetons ). ' i
Within 24 bours (diurnal period) the amount of protochlorophyllide rise donsidere
ably in comparison with previous values (fig.l,III), On the third day there is already
a noticeable reduction in the amount of protochlorophyllide (figel,IV)e During the
duration of the entire investigation the amouant of chlorophyllide decreases only
81ightly, The amount of chlorophyll on the third day decreases, Most likely, after
three days in derkness the rate of initial reactions of chlorophyll biosynthenia de=
oreagses; this leads to a change in the amount of protochlorophyllide,
Table 1o Effect of light on the content The investigation resulis also indicate

of chlorophyll in eticlated wheat shoots
c the retarding influence of light absence

Time of light ex  Amount of chlorophyll Wk
posure (minutes) (in mg per 1 gr of raw on the rate o ° biosynthgsia proe
veight)

PaR
cess and above all on the reaction of pro-

tochlorophyllide restoration into chloro~

10 ' 0,002 ]
» : Q.00 phyllides In addition, there is doubt with
9 0,009

respect to the possibility of origination
of reatoration reaction on account of the
power, conserved during the period of light
exposure, To cheock these assumptions,were
conducted special investigations for the
purpose of studying the influense of light

exposure duration of etiolated abor;ts on the conversion of pigmentsin darkness,

It was found, that the tims the planias are exposed to light has a deciseve influ-
ence on further transformation of pigments in dorknesa, In fig.5 were plotted two
spectral owrves, one (I) of which rejresente the quality atatua of the pigmonta in

etiolated ahoots, which wore sxposed for two hours to light, and then again for one

FTD=-TT=62a1203/1+2 é .
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day placed in darkness; the other one (II)- represents the quality status of thé
pigments from etiolated shoots,which differ from the previous ones only by the faot-
that they were exposed to light for one full day. In shcots, which after two houra of
exposurs weryblaced for a full day in darkness, as it was to be expected, were revealed
mostly accumulations of protochlorophyllide, and in shoots, exposed to light for a full
day, during the following day of darkness accumulated considerable amounts of chloxro=
phyllide and only traces of protoehlorophyllide, Even if we compare the spectral cur-
ves (figeb) of pigments of plants, which differ not only by the duration of exposurs

but also by the period of remaining in darkness, the plants exposed for two hours,

again demonstrate a prevalent accumilation of protochloruvphyllide per one day in darke
ness, while plants,illuminated for a full day, even after two days in darkness were
ebundant in chlorophyllide, which in guantitative ratic by meny times exceeda proto=
chlorophyllides,

4

o .:‘-,. Sece page 73 for Fig-é-
wi . P
g04 .' 14
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Fige5s shuorption spectra of pigments FigebgAbsorpilon spectrum of pigmonts
from starting spot on chromatograms of from atarting spot on chromatograms of
otiolated wheat,exposed for 2 hrs to etiolated wheatsexposed for 2 hrs to light

light and after this spent one day in dark and then plased for one day in darknens
ness (I),and etiolated wheat,exposed for (I),nnd eticlated vheat exposed for one day
‘one day andthen placed for one day in and thon put for two days in darkness (11);
darkness (II);(pigments with 2,0 g raw (pigments with 2.0 g raw weight in [,5 om)
weight in 445 cm’ ecetons) acotona),

Investigantions of the dynamica of the gqualitative statua of the pigments of

stiolated shoots, exposed to light for one day with following threo deys in darinens

FTD-TT=621203/1¢2 7
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protochlorophyllide shows only traces, When exposed to light for cne day etiolated

plants accumulated a great amount of chiorophyllide (fige7,I)s In proportion to fure -\

ther remaining in the darkness the amouunt of chlorophyllide decreases gradually, but

.

during the entire time of its examination it remains a predominantly greem phytolless
porphyric pigment (£ige7eI14III, IV)e

Rostoration reactions, poasibly, do take plage normally ia darkness in etioclated
planta, which have been exposed to lLight for & day,otherwise there would have baen i
an acocumulation of protochlorophyllide. Next chlorophyllide, rwst likely, as result
of fermentation reaction transforms into chlorophyll,

Investigations with vurioue exposure time revealed no chlorophyllase sctivity in
etiolated shoots within a day of repeated remaining in darkness, as in varjants,which
have been exposed to light before them for two hours and a whole day. Cradual reduce
tions in the amount of chlorophyll in darkness without a proper considerabla rise in
the amount of protochlorophyllide, rossibly, indicate uniform retardation of tl?o enti~
re proosss of chlarophyll biooynthesis. The idea arises, that ehlorophyllide can bde
formad in darkness on account of the energy ocnserved at the time tho plants have been
exposed to light,

Determination of the absorption spectrum of a pigment,which remains in the spot
on the chromatogram of pigments of green wheat shoots, grown in light showed a groat
quantitative prevalence *of chlarophyllide as compared with protochlorophyllide and

in general the presence of ; relatively v')ery large amount of ghlorophyllide (fige8,I),
The absence of light for a perfiod of three days does almost not affect the qualitutive
composition of porphyric pigmnts of green plants (fipge8,II), At tho cutset of baing
placed in darknesa vegetations, which before that were grown in conditionn of normal
illuminationgpractically 4id not change the amount of accuwmilated chlorophyllide,

For a period of 24 hrs its contont aleo remains practically unchanged under the very
oame conditicns,

FTD=TTw62=1203/1+2 8




7 Further ata& in darkness

1ide in the shuotae

is accompanied by a reduction in the amount of chlorophyle

406
b
a5
. qo0

kT

Fige7,Absorption spectra of pigments of FigeBsAbaorption spoctra of pigments on
starting spot on chromatography of etiolated  starting spot from chrumatograms of whoat
wheatywhich was exposed to light for cme dey grown in light (1),after 2 hra (II),one

(I), and then for two hrs (II), cne day (III) day (III), three days (IV) stay in derk

three days (IV) and then again placed in

nesa (pigments with 0,2 g of raw weight

darkness {pigments —- with 0,4 g raw weight in 4,5 om3 of acetons),

in 45 acatons),

Under conditions of thir inveatigation in

Table 2,Influence of darkening in the

content of chlorophyll in etioclated wheat ¢pe plants is practically impoesible to reveal
shoots after 2 hr light exposure

—protochlorophyllide because of its insignificant

“Variant Amount of ehlarophyll
of in (in mg per 1 g of raw weight) anount,
vestig,
Teat 1 Test Il Investigutions oarried out by us have
on light
‘ again confirmed tho ideas about the influence

2 hrs

0016 0.028 of previous illumination on the ability of

after exposure [

in darkneoa, | i plants to resotore protochlorophyllide

0.0.22 0,035
2 hrs l 0,026 c:,cm to chloarophyllide in darkheus,
1 dey i 0.019 0.019
3 dayse The investigation maturial listed here

worresponds with the recently established faot concerning the formetion of chlarophyll

in darkness (Godnev, Rotfarbd,1958,1960; Godnev,Rotfarb,Shlik 1960), The fact is when

the absenge of light retards

FID=-TTw)241203/1%2
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then the conditions, which are favorable for this reaction, mist assure the pog,sib:ll—'r
ity for the formtion of chlorophyll, This formation of chlorpphhyl, Drobably, can
always be cbserved in darkness in direct dependence uppn time of previous exposure
of plants to light. These observations are in conformity with the data by TM,God—
new; R.M,Rotfarb; A.A.Shlik (1960) and T.M.Godnev and ReinsRotfarb (19€0) on predomie
nant localization of CL4 in the absence of light in the phytol part of the ohlorophyil
molecule,
In plants, which for a long poriocd of time remained exposed to light, is formed
& certain amount of chlaropbyllide , which in darknesa rather transforms into chloro—
phyll theu having the synthesis of the forbine particle of the pigments, Such a way
of transforming the pigments oan&%g observed only under a condition of previous cone
siderabl& accumlation of chlorophyllide. As soon as the plants remain exposed for
a brief time interval to light, chlorophyllide dces practically not accumulate. In
such instances the chlorophyllame reaction of esterification, probably,cannot take
place at a greater rate from the general synthesis of chlorphyll particle formation,
The experiments carried out confirm the previously exprsssed by us and other
authors (Wolff, Price,1956; Sudin,1957; Godne7,shlik,lyakhnovich,1957) idea that the

final atage of the bioaynthesis of chlarophyll takes place with the transformation

of Protochlorophyllide into chlorophyllide and then into ehlorophyll,
In addition, it is revealed, that the reaction of protoshlorophyllide reatoration
ean take place not only under direct effect of light, but alsc on aceount of the
energy,which is being conserved at tho tilm of photoaynthosis, It is possible,that
this is conneoted with the fcrmation of ATF in light, Another necessary condition
for the transformetion of ADF into ATF is the illumination of chloroplost Suspension
(Xshn, Jegendorf,1960).

Of certain interess is comparison of the results of our investigations with

data obtsined by No.G.Dumn, A.A.Xrasnovakiy. A.K.Romancvaya,L.M.Vorohicwa, E.M,

FTD=TT62=1203/1+2 10




Pekshinoya and Z.4eTerentyevaya (1961)e The progsss of bicsynthesitingchlorophyll
in otiolated plants,oxposed to light, as is evident from our report, becomes gradually
normelized within a period of one and one half to two hours; according to data of
above listed authors, the noticeable difference between the amount of c“#oz is fixed during
light exposure and in darkness and it appears only after two hours of illumination,
exactly when chlorophyll is already formed with normal flucrescence of 670672 myLe

In investigations carried out at the A,A.Krasnovskiy lab (Litvin,Krasnovskiy,
Rikhireva,1959) in eticlated shoots were revealed two forms of mrotochlorophyll with a
fluoresesnce of 629 miL and 656 my + Protochlorophyll 656 my olso found in green leaves
which remained in dar‘lmesa for a. period of l=2 dayse This 'protoohloroplwll disappears
rapidly when exposed to light, transforming at first into a pigmmi with maximum
flucrescence of 690-697 my and then into normal chlorophylle The pigment of 690=
697 nlm i also observed in green leaves, which for ons-two days remain in darkneas.
The co-workers of this lab have already previously expressed assumpiions that the
protoshlorophyll 656 nlu is protcchlorophyllide, and the pigment 690=697 mu is chloro-
phyllide, When these investigations are compared with ours,then the assumptionsof the
mentioned authors appears to be coufirmed,

In recent years gquesticns have been raised as to the mocess of formation of

ehlorophyll in plants, growing all the time under lighte Considered as yossible is
the variability of the {imel stages of chlorophyll biocsynthesio which does depend
upon the presence of light, Investigations carried out in verious lahs (Litvin,Kras-
novekiy, Rikhireva,1959; Kaler, Shlik,1960; Shlik,Kaler,Podchufarova,1960) refute
thece assumptions, The resense of protochlorophyllide in gresn and in etiolated plonts
was revealed, F,F,litvin; A.A.Krasnovskiy; and B,T,Rikhireva determined protochloro=
phyll by the flucrescence spectrum by the maximum of 623 mw, « In green leaves they

found only ¢races of protochlorophyll, its amcunt rises in derkness, and upon fur=

FID-TT=62=1203/142 11




1resence of mofothorophyllido in green, etiolated and darkened green plantﬁ; 'mia

is in agreement with cur data, but in the above mentioned labs, unfortunately,they

have nof investigated the ratios of protochlorophyliide and chlorophyllide,
- In connection with the investigstions by
BaAoRubin (1959), in which assumptiona are
4 expressed that the inhibiting effect of
. streptomycin on the synthesis of chlarophyll
is linked mainly with retardations of reac
tions of protochlorophyll trensformation

into chlorophyll, it was interesting to

determine by above mentioned methodfcn green

phytollesa porpbyric pigments the albinous

w0 &0 60 &o ) effecte of streptomyoin treated wheat shoota,
Figs9gAbsorption spectra of pigments Investigated were pigments of green plants,

of starting spot from chromatogram of
wheat ocontrol (I), upper part (green) green and white batches of streptomya lrﬁreat

of wheat,treated with streptomyein

(II) end its remaining parts (III). et plants (fige9). The green parcels of
streptonyein treated plants, as well as the ccntrol plants, have a high amount of
chlorophyllide end low amount of protochlorophyliide (£ige9,I,1I)e Albinocus pareels
have a gonsiderzbly lesser amount of chlorophyllide as compared with the groen parts
(fige94III)s But ohlorophyllide is the predominant pigment even in white parta, It
is important to emphasize the unolearness of the maximum on the bateh (20630 my in
both parcela of plants, which have been treateldl with streptomyein, On the basia of
these findings it csn, ecertainly, be conaidered thnt streptamycin retards not the
reaction of restoration, but the mich earlier atages of chlarophyll biosynthepis.

Mo Ledoyeny,1957,studying the effeot of streptomycin on the accumulations of

protochlorophyll 4n darkuness, alao sarrive.l at a conolusion regarding tha retarding

influesnse of thia antidbiotie not only on photochemical reaction,but aleso on the

FID-TTw62=1203/1¢2 12




formentation reactions connected with the formation of protochlorophyll,

In this way, identification of phytollegg}osm green pigments enables toroAb;
tain certain information on the finel process of chlorophyll biosynthesis and to revéél
to a certain extent on what stage the inhibition of chlorophyll formation doas take place.

Conelusions

l,Inveatigations do eonfirm the idea that the final stage of chlorophyll bioe
aynthesis takes place accordanse: protochlerophyllide--ychlorophyllide—s chlorophyll,

2, In etiolated wheat shoots from porphyrine pigments is accumulated mainly jroe
tochlarophyllide,

3¢ In green wheat shoots,which for a day or more were exposed to light, in the
darkness the predominant phytol-free porphyrine pigmsnt is ohlorophyllide,.

Lo Provbous illumination of wheat ashoots doem affect the ability of tho planta in
restoring in darkness protochlorophyllide into chlorophyllide, (regeneration)

iS. To identify porphyrine pigments it is necessary to employ the method of paper

chromatography in unison with spectrophotameterings,
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